forming elements (Zr, W, La and Nb) [11] [12] [13] and more recently with platinum group metals (Pd, Pt, Ir, Rh, and Ru) [14] [15] [16] [17] [18] [19] as chemical modifiers in the direct determination of metals by graphite furnace has been studied. Treated surfaces have the advantage of acting as permanent chemical modifiers, allowing a great number of atomization cycles without the need of new modifier applications, besides making in situ cleaning of the modifier during treatment possible.
Many authors have presented methods to determine Mn in whole blood and urine. Soko et al. 20 proposed using a supported liquid membrane (SLM) technique for extraction and preconcentration of manganese in blood. Adsorptive stripping voltammetry (AdSV) has been applied to measure Mn concentration. Ohta et al. 21 described a method for the direct determination of manganese in biological samples by using ETAAS with a molybdenum tube atomizer and a matrix modifier. The effects of large amounts of interferents were investigated and eliminated by the addition of thiourea. Lunas and Campos 22 reported the effects of Mg(NO3)2, Pd(NO3)2 and the mixed nitrates of Pd + Mg modifiers on the determination of Mn in urine samples. The matrix effect was only removed when Pd(NO3)2 was used as a modifier. Recoveries were close to 100% with LOD of 0.6 μg L -1 .
In the present work, the uses of Ru, Rh, and Zr as permanent modifiers, Pd as a modifier in solution, and the condition without modifier were investigated for the direct determination of Mn in urine and whole blood samples by ETAAS.
98013384-2C (Varian) and the Polarized Zeeman Background correction procedure. The atomic signal was measured in peak height mode. A single element hollow cathode lamp for Mn from Varian was used as light source; it was operated at 5 mA with a spectral band-pass of 0.2 nm at 279.5 nm. The volume pipetted into the graphite furnace was 10 μL of samples and calibration solutions and 5 μL for modifier whenever used in solution. Argon, 99.999% (v/v) (White Martins, Contagem, Mg, Brazil), was used as carrier gas and gas flow was interrupted only during atomization. Pyrolytic-graphite-coated tubes without and with an integrated platform (Varian) were used throughout this work. The volume of sample and calibration solutions was 10 μL. The temperatures used were 85 -120˚C/40 s (ramp mode, urine) and 85 -120˚C/55 s (ramp mode, whole blood) in the drying; 1100˚C/5 s (ramp mode, urine), 1000˚C/5 s (ramp mode, whole blood) and 1100˚C/20 s (step mode, urine), 1000˚C/20 s (step mode, whole blood) in ashing; 40˚C/18.2 s (ramp mode, urine) and 40˚C/18.0 s (ramp mode, whole blood) in the cool down; 2100˚C/1.2 s (ramp mode) and 2100˚C/2.0 s (step mode) in atomization and 2200˚C/2.0 s (ramp mode) for cleaning.
The graphite tubes were treated with a permanent modifier by applying 50 μL of a 1000-mg L -1 solution of either Ru, or Rh, or Zr, independently for each modifier, and submitting the tube to a specific temperature program previously described. 14 This procedure was repeated 10 times to obtain a 500-μg deposit of permanent modifier.
It is worthwhile to point out that the solvent drying temperature was also optimized in several stages to avoid solvent and analyte loss.
Reagents and solutions
All chemicals employed had analytical reagent grade unless otherwise specified. All solutions were prepared with high purity deionized water (resistivity 18.2 MΩ cm) obtained from a Milli-Q water purification system (Millipore, Bedford, MA, USA). The nitric acid 65% (w/w) and Triton X-100 used to dissolve and dilute the samples were from Merck (Darmstadt, Germany, No. 7587956).
Before use, all glasses were washed abundantly with a detergent solution, rinsed with water, maintained in bath with nitric acid 2.8 mol L -1 for a period not shorter than to 1 h, and later on rinsed several times with deionized water. The autosampler cups were submitted to the same treatment. The autosampler washing solution and diluent containing Triton X-100 1.65 mmol L -1 plus nitric acid 0.14 mol L -1 were prepared to avoid analyte adsorption onto the surface of the container and to avoid clogging the autosampler pipette. 23 The following 1000-μg L -1 stock solutions were used: ruthenium (Fluka, Buchs, Switzerland, No. 84033), rhodium (Fluka, No. 83722), zirconium (Aldrich, Milwaukee, Wis., USA, No. 27497-6), all in 1 mol L -1 hydrochloric acid, and a palladium nitrate solution (Merck, No. B936989 710). A high purity standard reference solution of manganese 1 g L -1 in 0.07 mol L -1 HNO3 from Tritisol (Merck, Darmstadt, Germany) was used to obtain the reference analytical solutions.
The limit of detection (LOD, μg L -1 ) was calculated using the equation LOD = 3 × SBL/b, where SBL was the standard deviation of 10 blank measurements (nitric acid 0.14 mol L -1 ) and b is the slope of the calibration curve.
Samples and certified reference materials
Urine and whole blood samples from healthy volunteers from Laboratório de Toxicologia Ocupacional da Faculdade de Ciências Farmacêuticas of Universidade Federal de Minas Gerais (LATO-UFMG) were analyzed. Urine samples were prepared directly in the autosampler cups, diluted 1:1 with nitric acid 0.14 mol L -1 and with 1.65 mmol L -1 Triton X-100. For the dilution, a micro-pipette was used to homogenize the samples manually directly in the autosamplers cups. Whole blood samples were prepared in Eppendorf tubes, diluted 1:9 with nitric acid 0.14 mol L -1 and with 1.65 mmol L -1 Triton X-100 and homogenized manually.
Urine samples from Bio Rad (US Bio Rad Laboratories, Anaheim, USES), level 1 (Code 4001) and level 2 (Code 4051), were used to check the reliability of the entire proposed analytical method. Whole blood certified material was not available; thus the accuracy of the proposed method was evaluated through recovery study of spiked samples. The sample preparation for certified urine analysis was made using 1:10 dilution.
Results and Discussion

Pyrolysis and atomization temperature optimization
All furnace program temperatures were optimized through pyrolysis and atomization temperature curves. The thermal stability of analytes in sample solutions with and without modifiers was studied. The selection for the modifier took into account the sensitivity, the absorption pulse form, and the low atomization temperature, which contributes to increase the graphite tube lifetime.
The pyrolysis and atomization temperature curves were obtained for Mn for each matrix, by initially using the recommended atomization temperature and the best pyrolysis temperature selected in agreement with the criteria described, especially the sensitivity. The pyrolysis temperatures were determined for each matrix; 1100 and 1000˚C for urine and whole blood samples, respectively. The minimum atomization temperatures were determined by varying the temperature between 1700 and 2500˚C for urine and whole blood, and observing the sensitivity and the best pulse shape.
Initially, analysis was carried out with and without integrated platform in graphite furnace for both matrices and absorbance reading in peak area or peak height modes without the use of the modifier. The best results were obtained for graphite tubes without integrated platform due to the high thermal stability of Mn and in peak height mode. The peaks were very symmetrical 1606 ANALYTICAL SCIENCES DECEMBER 2006, VOL. 22 and returned to the baseline in 1 s.
The effects of various chemical substances were investigated as chemical modifiers: palladium solution and ruthenium, rhodium, and zirconium as permanent modifiers (500 μg of each independently) for urine and whole blood. The experiment was also carried out without modifier. Figure 1 shows the pyrolysis and atomization temperature curves of Mn in urine. The best results were obtained without modifier, with a symmetrical peak returning to the baseline in 1 s. The pyrolysis and atomization temperatures were 1100 and 2100˚C, respectively, and the characteristic mass, mo (1% absorbance) was 0.47 pg (recommended by the manufacturer without modifier in nitric acid 0.03 mol L -1 of 1.3 pg). This is an important parameter for ETAAS sensitivity. With the permanent modifiers rhodium, zirconium, and ruthenium, it was observed that the Mn absorption pulses were wider and presented a tail with lower sensitivity. The tail was attributed to a possible memory effect caused by the interaction among Mn, the carbon on the graphite tube, and the modifiers, which are quite stable. With Zr as permanent modifier and Pd solution modifier, the sensitivity was about half as much as that without modifier. For ruthenium and rhodium, the thermal behavior of Mn was similar. The absorption pulses were larger and lower, and even when reading absorbance in peak area mode, the sensitivity decreased and the peaks were less reproducible, which affected measurement precision. To demonstrate how the modifiers affect the atomization background, we studied the atomization background profiles of the analytes.
The analysis of the absorbances of the background, Fig. 2 , revealed that with the use of permanent modifiers at low pyrolysis temperatures, the background values were much smaller compared to values without the use of modifier, ruthenium excepted.
Additionally, background values decreased with the increase in pyrolysis temperature, which evidenced the destruction and the partial or the total concomitant elimination of the matrix from the sample. At the pyrolysis temperatures selected without modifier use, the background presented an absorbance value of 0.6476, which was perfectly corrected by the instrument (keeping in mind that the instrument correction system corrects background absorbance up to 2.0 absorbance units). For Mn in whole blood (Fig. 3) , the best results were obtained without modifier, with symmetrical peaks, that return to the baseline in 1 s. The pyrolysis and atomization temperatures were 1000 and 2100˚C, respectively, and the characteristic mass was 1.81 pg (recommended by the manufacturer without modifier use in aqueous solution of 1.3 pg nitric acid 0.03 mol L -1 ). The absorption pulse obtained without the use of modifier was extremely sharp, which justified its larger sensibility when the absorbance reading was used in peak height. For readings with ruthenium and rhodium as permanent modifiers, the pulses were smaller, broad, and had a tail. Even with absorbance reading in the peak area, the sensitivity was lower and the peaks were less reproducible, which compromised measurement precision. With the use of either ruthenium or rhodium as permanent modifier, sensibility was threefold lower, while with permanent zirconium the sensibility was a little lower than without modifier use. The behavior of this analyte probably indicates an over-stabilization of Mn with these permanent modifiers and a memory effect due to the partial release of the analyte during the atomization step. On analyzing the background absorbances shown in Fig. 4 , we observed that with the use of permanent modifiers, ruthenium excepted, the background values were much lower in comparison to values without modifier use, and 1607 ANALYTICAL SCIENCES DECEMBER 2006, VOL. 22 similarly to the pattern observed for urine, absorbance decreased with the increase in pyrolysis temperature. However, for the selected pyrolysis temperature without modifier use, the background had an absorbance value of 0.0407 and the background was perfectly corrected.
The best results obtained for manganese in urine and in whole blood were without any chemical modifier. This can be explained by the fact that the Mn that comes inside the graphite tube has a stable thermal behavior possibly due to the formation of refractory compositions of this element with the carbon on the graphite tube (Mn3C), 24 the so-called refractory carbides. To overcome this problem, it was necessary to use a high atomization temperature for the complete atomization of the analyte, which was demonstrated by the pyrolysis and atomization curves obtained for urine and whole blood with the use of permanent modifiers. We observed that the increase in the atomization temperature of the analyte provoked an increase in the absorbance signal of Mn. However, there is an inconvenience; the increase in atomization temperature affects the lifetime of the graphite tube, which is costly and should be preserved for as long as possible. Although the use of modifier in ETAAS for manganese is controversial, Pd and Mg(NO3)2 have been successfully adopted to determine manganese in whole blood 25 and urine. 26 Table 1 shows the characteristic masses of the two matrices investigated in this work with each modifier. In relation to the background absorbance, it was observed that it was perfectly corrected for the two samples studied as the pyrolysis temperature was increased (approximately above 1000˚C).
Analytical performance
Calibration curves using matrix-matched calibration were constructed for the two matrices studied. Each point of the calibration curve of urine was obtained with solutions containing 500 μL urine, Mn analytic solutions, and the diluent in a final volume of 1000 μL. Each point for whole blood was obtained with solutions containing 100 μL blood, Mn analytic solutions, and the diluent in a final volume of 1000 μL.
For both samples, the calibration range was from 2.5 to 12.5 μg L -1 . The maximum value according to the legislation 6 was of 8 μg L -1 for urine and between 7.5 -10.5 μg L -1 for whole blood. The r values were higher than 0.998 for both samples. The characteristic masses were of 0.47 and 1.81 pg and the limits of detections were of 0.2 and 0.3 μg L -1 for urine and whole blood, respectively. The relative standard deviation (n = 3) were lower than 3% for both samples.
Recovery experiments were carried out for each matrix at the optimized pyrolysis and atomization temperatures and without the use of modifier. The recoveries were determined from triplicates and are shown in Table 2 . To determine the recovery of Mn in urine and whole blood, the analyte concentration in each matrix was determined and subtracted from values of the same samples spiked with different manganese concentrations.
It was verified that the recoveries of Mn at all levels for the two matrices investigated in this work were always close to 100%, indicating an acceptable accuracy.
The standard deviations were usual for graphite furnace analysis.
The results obtained for Mn in urine certified materials from Bio-Rad were 57.5 and 72.2 μg L -1 , while the certified values were 59.3 and 70.0, respectively. These results demonstrated that for the two levels we obtained a good agreement with certified values.
Manganese can be determined with sensitivity, accuracy, and precision in urine and whole blood samples without modifier use. Recoveries of spiked urine and whole blood samples and the Mn values determined for certified urine gave values close to 100%, indicating the acceptable accuracy of the methodologies proposed. The lifetime of the graphite tubes was about 400 atomization cycles. Recovery, % RSD (n = 3)
